Introduction
============

Glaucoma suspects, whether adults or children, are patients who may be at greater risk of developing glaucoma. The Preferred Practice Pattern^®^ (American Academy of Ophthalmology),[@b1-opth-8-1139] defines glaucoma suspects as patients with one or more risk factors for glaucoma in at least one eye. These include: 1) persistently elevated intraocular pressure (IOP) ≥30 mmHg with normal optic nerve appearance and visual field (VF) test results; 2) suspicion of glaucomatous damage of the optic disc; and 3) VF defect indicative of glaucomatous damage in the absence of clinical signs of other optic neuropathies.[@b1-opth-8-1139] This definition is a work-in-progress, since new risk factors or combination of factors are constantly being discovered. The Ocular Hypertension Treatment Study found that adult patients with ocular hypertension and thin central corneal thickness were at greatest risk of developing glaucoma.[@b2-opth-8-1139] A follow-up of The Blue Mountains Eye Study showed that open-angle glaucoma risk at the 10-year mark was about four times greater in patients who had narrow retinal arteries when the study began.[@b3-opth-8-1139] Similarly, the Singapore Malay Eye Study, a population-based cross-sectional study, reported that subjects with decreased retinal arteriolar venular tortuosity and small venular branching angle were more likely to have glaucoma.[@b4-opth-8-1139] Such findings have rekindled efforts to diagnose glaucoma suspects at earlier stages and age.

There are no accurate data in the US on children with glaucoma, glaucoma suspicion, or who have lost their sight due to glaucoma because there is no national registry for the blind and visually impaired. An estimate by the American Printing House for the Blind in 2009 suggested that there were 59,355 children under the age of 21 with visual disabilities.[@b5-opth-8-1139] An estimate from the US Bureau of the Census, which surveys approximately 295,000 households each month, reported 485,500 children under 18 with visual problems in 2013.[@b6-opth-8-1139] Based on meta-analyses of world and US studies on childhood blindness, glaucoma accounts for 2%--6% of blindness in children.[@b7-opth-8-1139],[@b8-opth-8-1139]

Identifying pediatric glaucoma suspects is fraught with significant obstacles. A complete glaucoma evaluation that includes a vision test, gonioscopy, IOP measurement, fundoscopic and VF exams is not always possible. In addition, pertinent baseline epidemiological and risk factors such as age, race, sex, family history of glaucoma, cup-to-disc (C/D) ratio, IOP, as well as treatment modalities are not well established. To study the main demographic and ocular features of pediatric glaucoma suspects, the current authors designed a retrospective cross-sectional chart review of a cohort of pediatric glaucoma suspects from an ethnically diverse population of the Children's Medical Center (CMC) in Dallas, TX, USA. This information could aid in broadening the definition of pediatric glaucoma suspects and help with early detection and management.

Materials and methods
=====================

Study design
------------

This study is a cross-sectional retrospective chart review, not a population-based study. Participants were part of the Dallas Glaucoma Registry, which contains epidemiological data on the diagnosis and treatment of glaucoma of over 4,000 patients examined at University of Texas Southwestern Medical Center and affiliated clinics in the Northern Texas region.[@b9-opth-8-1139] Protocol approval was obtained for the Institutional Review Board of the Dallas CMC. The protocol was in compliance with the Health Insurance Portability and Accountability Act of 1996. A search of the CMC database was conducted for cases of primary and secondary pediatric glaucoma, and pediatric glaucoma suspects seen in the eye clinic between June 2005 and June 2011. There was no direct patient contact.

Participant selection
---------------------

The study defined pediatric glaucoma suspects as those patients who met at least one of the following criteria in one or both eyes: suspicious optic discs defined as a cup-to disc (C/D) ratio of ≥0.6; asymmetry of \>0.2 between the two eyes; notching or narrowing of the neuroretinal rim; persistently elevated IOP of ≥21 mmHg; family history of glaucoma in the parents or siblings; diagnosis of congenital glaucoma in the opposite eye; history of blunt trauma to either eye; presence of conditions closely associated with glaucoma such as Sturge--Weber syndrome,[@b1-opth-8-1139] Axenfeld--Rieger syndrome, and oculodermal melanocytosis (Nevus of Ota); and age ≤15 years.[@b10-opth-8-1139]--[@b12-opth-8-1139] Patients were excluded if: 1) clinical information was inadequate; 2) follow-up was \<3 months; 3) glaucoma suspicion was a tertiary diagnosis; and 4) age \>15.

Data collection
---------------

The following information was collected from the medical records: age; sex; ethnicity; IOP; C/D ratio obtained by direct ophthalmoscopy; family history of glaucoma; history of blunt ocular trauma, glaucoma in the opposite eye or any glaucoma related surgical intervention; high-risk glaucoma conditions such as port-wine stain birthmark suggestive of Sturge--Weber syndrome; Axenfeld--Rieger syndrome; oculodermal melanocytosis; and current glaucoma medications. Gonioscopic and VF results were not available for all patients; as such, they were excluded from analysis. Data were entered into a computer database and the information was handled according to CMC's guidelines on data confidentiality and protection.

Statistical analysis
--------------------

Means and standard deviations were used to characterize quantitative variables and percentages were used to describe categorical variables. Age was compared using one-way analysis of variance; categorical patient characteristics (one observation per patient), which were compared between ethnic groups, were analyzed by Fisher's exact test. For continuous variables, comparisons of C/D and IOP risk factors among ethnic groups included measurements from both eyes. These were analyzed using a mixed-effects linear model with ethnic group as a fixed effect. To statistically account for the correlation between the paired eyes of one individual, each subject was modeled as a random effect and an unstructured covariance pattern was specified. This mixed-model approach using the eye as the unit of analysis effectively allowed more information to be included in the analysis and yielded increased precision and power compared to separate analyses of right and left eyes or using one eye at random.[@b13-opth-8-1139] Statistical analysis was performed using SAS version 9.2. (SAS Institute, Cary, NC, USA), using the MIXED procedure in particular.[@b14-opth-8-1139] A two-sided *P*-value of \<0.05 was considered statistically significant.

Results
=======

Seventy-eight pediatric patients were selected; three (1.2%) were excluded because of inadequate clinical information, resulting in 75 participants (136 eyes). Sixty-two (82.6%) met the selection criteria for both eyes. Forty-eight (64%) were included based on one inclusion criterion, 22 (29.3%) met two criteria, and five (6.7%) had three or more of the eligible criteria. Patient characteristics are shown in [Table 1](#t1-opth-8-1139){ref-type="table"}. Most patients (37.3%) were Hispanic, followed by Caucasian and African American in equal numbers (26.7%), and Asians (9.3%).

The average age of the cohort was 8.2±4.9 years; Caucasian patients were the youngest (6.4±5.2 years). However, there were no statistically significant differences between the races (*P=*0.2). The most prevalent glaucoma risk factor observed was suspicious optic disc. This was seen in 56 (74.7%) patients (103 eyes). Suspicious discs were most common in Asian (85.7%), African American (85%), Hispanic (82.1%), and Caucasian (50%) patients. The average C/D ratio was 0.58±0.2. The C/D ratios of African Americans (0.65±0.2), Hispanics (0.63±0.2), and Asians (0.62±0.15) were significantly greater than for Caucasians (0.43±0.18; *P=*0.0004, *P=*0.0003, *P=*0.01, respectively). No statistically significant differences were found between C/D ratios of African Americans, Hispanics, and Asians.

High IOP was the second most common risk factor. It was observed in 25 (33.3%) patients (46 eyes): three Asians (42.8%), eight Caucasians (40%), six African Americans (30%), and eight Hispanics (28.6%). However, the prevalence of high IOP and mean IOP among ethnic groups was not statistically different (overall *P*-value across all ethnic groups was *P=*0.76). A family history of glaucoma was most prevalent in Caucasian (25%), African American (20%), and Hispanic (15%) patients. Prevalence for all risk factors based on race is shown in [Table 1](#t1-opth-8-1139){ref-type="table"} and [Figure 1](#f1-opth-8-1139){ref-type="fig"}. Eleven glaucoma patients (14.7%) were treated with medication because their IOPs were consistently above 30 mmHg. Prostaglandin analogs were regularly used in 72.7% of patients. None of the glaucoma suspects required surgery for glaucoma.

Discussion
==========

This study highlighted important demographic and ocular information regarding pediatric glaucoma suspects in Northern Texas. The study was not population based and did not attempt to estimate incidence and prevalence rates for pediatric glaucoma suspects.

The definition of glaucoma suspect in adults and children is not well established. Sommer[@b15-opth-8-1139] suggests discontinuing the use of the term "ocular hypertension" since it only focuses on high IOP as a precursor to glaucoma. It is well recognized that glaucoma is a multifactorial disease. As a result, risk factors other than IOP should be considered in glaucoma suspects. This is essential for pediatric patients for whom a complete ophthalmic exam is not always possible. The current study used the following factors in its definition of pediatric glaucoma suspects: family history of glaucoma; history of trauma; congenital glaucoma in one eye; Sturge--Weber syndrome; Axenfeld--Rieger syndrome; and oculodermal melanocytosis. Other conditions such as Klippel--Trénaunay--Weber syndrome, aniridia, Peters anomaly, microphthalmia, retinopathy of prematurity, persistent hyperplastic primary vitreous (persistent fetal vasculature syndrome), neurofibromatosis, uveitis, and others should be included in future studies. No patients with these diagnoses qualified for this study.

Demographics
------------

A large proportion (82.6%) of patients had features of glaucoma suspicion in both eyes. The majority (64%) had one risk factor, 33% had two risk factors, and 7% had three or more risk factors. Pediatric glaucoma suspects made up an impressive 33.7% of all patients seen in the clinic. This figure corresponds well with the authors' experience with adults in Dallas, TX, USA where 39% of patients were diagnosed as glaucoma suspects as well.[@b9-opth-8-1139] The focus of the current study was not to predict the incidence of glaucoma suspicion in children but to highlight their clinical features. A population-based study conducted in Olmstead County, MN, USA found 24 (18.75%) glaucoma suspects in 128 patients diagnosed with childhood glaucoma.[@b16-opth-8-1139] That study spanned 40 years and the patients were less than 20 years of age when the study commenced. The majority (95.7%) of the participants were Caucasian, and the calculated incidence of glaucoma suspicion was 1.9 per 100,000. In the current study, no racial immunity to glaucoma suspicion in children was found. Hispanics (37.3%) were the most common ethnic group affected, while Caucasians and African Americans (26.7%) were equally represented, followed by Asians (9.3%).

The Dallas-Fort Worth Metroplex is cosmopolitan and racially diverse. In 2011, the top four racial groups were Caucasian (61.1%), African American (18.9%), Hispanic (34%), and Asian (3.7%).[@b17-opth-8-1139] The Los Angeles Latino Eye study reported a high incidence of open-angle glaucoma and ocular hypertension in the adult Hispanic population.[@b18-opth-8-1139] Interestingly, when compared to the patient populations of the CMC clinic and the entire hospital, the suspect population was slightly over-represented by African Americans and under-represented by Hispanics ([Figure 2](#f2-opth-8-1139){ref-type="fig"}). This appears to confirm the trend observed in adult primary open-angle glaucoma in which African Americans are more affected than other races.[@b19-opth-8-1139]

In the current study, glaucoma suspects showed no sex predilection, though there were slightly more males (40; 53.3%) than females (35; 46.7%). Aponte et al reported more female (16; 66.6%) than male (8; 33.3%) patients among their glaucoma suspects.[@b16-opth-8-1139] The average age of the current study's patients' age at diagnosis was 8.2±4.9 years old (0.00--15), much younger than those described by Aponte et al whose patients had a mean age at diagnosis of 13.7 years (6.7--19.7 years).[@b16-opth-8-1139] Caucasian patients were also the youngest in the current study, which could be a reflection of socioeconomic differences in health care delivery in the CMC clinic. It has been shown that low-income and non-Caucasian children have much less access to care than children from more affluent and Caucasian families, irrespective of health status and health insurance coverage.[@b20-opth-8-1139]

In the current study, a family history of any form of glaucoma was observed in Caucasian (25%), African American (20%), and Hispanic (14%) patients, but absent in Asian patients. On another note, a family history of glaucoma might prompt parents to check their children early in life for glaucoma. A Saudi Arabian study reported a positive correlation between family history and congenital and secondary glaucoma in 30% of patients.[@b21-opth-8-1139] Their data also showed a prevalence of consanguinity in 60% of patients. In adults, a family history of glaucoma was observed in 40% of adults with ocular hypertension.[@b22-opth-8-1139]

The current study included patients with Sturge--Weber syndrome because of the higher prevalence of glaucoma associated with this disease.[@b10-opth-8-1139] In this study, 12% of patients had Sturge--Weber syndrome, and the condition was most prevalent in Caucasian children (25%), followed by African American (5%) and Hispanic (10%) children, but not in Asian children.

Ocular features
---------------

Four main risk factors were identified in the current study. The most common risk factor was suspicious optic disc. It was observed in 76% of suspects, a finding that correlates with a previous study by Gordon et al using data from adult glaucoma suspects.[@b2-opth-8-1139] A dilated fundus exam might be the easiest ocular test to perform in children. In contrast, a vision test and IOP and VF measurements are difficult to administer because they require more cooperation from the children.

In the current study, average C/D was 0.58±0.2. African Americans exhibited the largest C/D (0.65±0.2) while Caucasians had the smallest (0.43±0.18). Both Hispanic and Asian children had C/D values somewhere between those of the Caucasians and African Americans. A 2009 study by El-Dairi et al found that average C/D ratios in healthy children were 0.23 in African American and 0.16 in Caucasian children.[@b23-opth-8-1139] Another study by Aponte et al showed that 21% of Caucasian children were considered glaucoma suspects based on suspicious optic discs.[@b16-opth-8-1139]

The second most common risk factor in the current study, elevated IOP, was found in 33% of patients. Caucasian suspects had the highest IOP, but this was not statistically significant compared to African American or Hispanic patients. Aponte et al found elevated IOP to be the most common (50%) indicator of glaucoma suspicion in predominantly Caucasian pediatric glaucoma suspects.[@b14-opth-8-1139]

Some pediatric glaucoma suspects might require medical treatment because of elevated IOP (\>30 mmHg) or the presence of deep cups. Treatment can be modified as the child grows older, and more definitive tests such as VF and gonioscopy should be performed. In the current study, 14.7% of glaucoma suspects were treated medically because their IOPs were consistently \>30 mmHg. Prostaglandin analogs were the most common agents used. The British Infantile and Childhood Glaucoma Eye Study in 2007 found that 94% of pediatric patients with primary congenital glaucoma had surgery; only 6% required medical management.[@b24-opth-8-1139] In the same study, 86% of cases with secondary glaucoma required medical management. Medical management of glaucoma in children remains a powerful tool. A Nigerian study screened for glaucoma among 1,393 dark-skinned primary school children between 7 and 13 years of age; they found that eleven (0.8%) were glaucoma suspects.[@b25-opth-8-1139] Suspicious optic discs and elevated IOP were the first and second most common features. Another Nigerian study found that ten of 327 schoolchildren (3.2%) were glaucoma suspects.[@b26-opth-8-1139]

The current study has the inherent biases associated with any retrospective study. All patients were examined at a major university children's eye hospital. Different residents and fellows examined patients over a period, potentially increasing inter-examiner error. The number of children examined did not reflect the actual prevalence of glaucoma suspects in the community. The cohort size was relatively small, especially with regard to Asian children. As such, results only provided a snapshot of glaucoma suspect features during the study period. Some useful information such as central corneal thickness, gonioscopy, and VF is lacking because of technical difficulties and non-cooperation of children. Other eye conditions such as aniridia, retinopathy of prematurity, Rubinstein-Taybi syndrome, persistent hyperplasic primary vitreous, and congenital rubella should be included in future studies, since a significant proportion of these conditions can lead to glaucoma.[@b27-opth-8-1139] Due to the cross-sectional nature of the study, the authors were unable to determine changes in ocular parameters over time.

However, the study had several strengths. For example, the study included a heterogeneous mixture of Caucasian, African American, Hispanic, and Asian children. However, the authors do not recommend racial generalizations due to the small sample size of the study. The ophthalmology clinic at the CMC sees more than 20,000 patients a year. This provided a sufficient pool of potential glaucoma suspects. In addition, glaucoma management was provided by residents and fellows under the supervision of faculty members of the University of Texas Southwestern Medical Center. This assured consistent management protocols. Since many glaucoma suspects were asymptomatic, the eye clinic at the CMC allowed the authors to examine a wide range of children seeking relief from other eye problems. A large prospective, well-designed study with longer follow-up is required to evaluate outcomes in more detail and to identify additional risk factors in the development of glaucoma.

In summary, clinicians should be vigilant about the presence of glaucoma in children. In this study, pediatric glaucoma suspects were found in all racial groups, though they were most prevalent in the Hispanic population. Suspicious optic discs, elevated IOP, family history of glaucoma, and Sturge--Weber syndrome were the four most common risk factors. A longer follow-up of these patients is planned to better understand the natural history of the disease in children and to stimulate awareness of glaucoma suspects in the ophthalmic community and general public.
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Dallas pediatric glaucoma suspect characteristics by race and ethnicity

  Variable                 Total          Caucasian       African American   Hispanic        Asian
  ------------------------ -------------- --------------- ------------------ --------------- -------------
  **N (%)**                **75 (100)**   **20 (26.7)**   **20 (26.7)**      **28 (37.3)**   **7 (9.3)**
                                                                                             
  Male                     40 (53.3)      9 (45)          13 (65)            15 (54)         3 (43)
  Female                   35 (46.7)      11 (55)         7 (35)             13 (46)         4 (57)
  Age: yrs, 1st visit      8.2±4.9        6.4±5.2         8.3±5.3            9.5±4.6         8.2±3.6
  Range: yrs, 1st visit    0.0--17.1      0.08--13.8      0.00--14.8         0.2--17.1       1.8--13.4
  Age: yrs, last visit     9.7±4.9        7.9±4.8         10.2±5.6           10.8±4.7        9.3±20.9
  Range: yrs, last visit   0.04--18.9     0.25--13.8      0.05--17.8         0.17--18.9      5.0--13.4
  IOP: mmHg                16.7±4.0       17.6±4.8        16.5±3.6           16.1±3.6        17.2±3.9
  C/D ± SD                 0.58±0.2       0.43±0.18       0.65±0.2           0.63±0.2        0.62±0.15
  **Glaucoma suspicion**                                                                     
   Elevated IOP            25 (33.3)      8 (40)          6 (30)             8 (28.6)        3 (42.9)
   Suspicious discs        56 (74.6)      10 (50)         17 (85)            23 (82.1)       6 (85.7)
   Family history          13 (17.3)      5 (25)          4 (20)             4 (14.3)        0 (0.0)
   Sturge--Weber           9 (12)         5 (25)          1 (5)              3 (10.7)        0 (0.0)
   Trauma                  1 (1.3)        1 (5)           0 (0.0)            0 (0.0)         0 (0.0)
   Axenfeld--Rieger        2 (2.6)        1 (5)           1 (5)              0 (0.0)         0 (0.0)
   Glaucoma other eye      2 (2.6)        0 (0.0)         1 (5)              1 (3.5)         0 (0.0)
   Nevus of Ota            2 (2.6)        0 (0.0)         0 (0.0)            1 (3.5)         1 (14.2)
   Medication Rx           14 (18.6)      3 (15)          3 (15)             7 (25)          1 (14.2)
   Prostaglandin analog    8 (10.7)       1 (5)           2 (10)             4 (14.3)        1 (14.2)
   Beta blocker            3 (4)          1 (5)           0 (0.0)            2 (7.1)         0 (0.0)
   Topical CAI             3 (4)          1 (5)           1 (5)              1 (3.5)         0 (0.0)

**Note:** Continuous variables are presented as mean (SD).

**Abbreviations:** IOP, intraocular pressure; C/D, cup-to disc ratio; CAI, carbonic anhydrase inhibitor; yrs, years; SD, standard deviation; Rx, prescription.
